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Description 

APPARATUS AND METHOD EX>R DIGITALLY IM- 
PLEMENTING A WIDEBAND MULTICARRIER 
Technical Field 

[1] The present invention generd^ rehtes to an apparatus and a method for digitdy 

implementing a wideband miiticarrier, and more particiiarfy to an apparatus and a 
method for digital^ implementing a wideband mdticarrier by using complex digital 
modiiation method. 
Background Art 

[2] The telecommunication systems such as Code Division Miitiple Access 2000 

(CDMA-2000), >Wdeband-Code Division Miitiple Access (W-CDMA) and IX 
Evolution-Data Optimized (IX EV-DO) are required to provide various appfications. 
As the techncJogy regarding information storage media and telecommunication 
advances, there is an increased demand for wireless communication appfications for 
various miltimedia contents such as Internet connection, real time transportation in- 
formation, wireless broadcasting, video on demand and Internet games. In ord^ to 
provide these various mdtimedia contents with a restricted bandwidth, the data 
transmission of high-speed and high-c^adty shoiid be accompfished and the 
efGdency of the power spectrum shodd be enhanced. 
IHsGiosure of Invention 
Technical Problem 

[3] Conventional, Anabg Quadrature Modiibtion (AQM) was used in ord^ to 

moddate the complex digitd signal into intermediate frequency (IF) signds or radio 
fi^uency (RF) signals. In the A(^, there shodd be a bdance betwera UQ signd 
paths; and a bed oscilator (LO) signd, that is, sine/cosine pdses shodd be ided. 
However, it is difficdt to generate ided sine/cosine pdses. As such, some problems 
such as unbdanced JJQ signds and carrier feedthrough may arise. Andog circuits, as 
many as the number of desired carrier signds in a mdticarrier, are requiied. This 
makes the overal system difficdt to construct, while increasing the power 
consumption. 

[4] In order to sdve the proUems of AQM, a digitd IF method, which generates the IF 

signd by using a Numericdty Contrded Oscilator (NCO), is widely used. This 
function is reafized by using a ReU Programmable Gate Array (FPGA) or an Ap- 
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pfication Specific Integrated Circuit (ASIC) chip. If a wideband signal or a high digital 
IF signd is reafized by using the FPGA or the ASIC chip, the frequency that the chip 
operates wfli be a very important factor. This is because the usaHe frequency band is 
restricted by the operating cbck in each chip. Specificaly, if the chip operates in the 
cbck of Fs, the usaUe frequency band wil be restricted from - Fs/2 to Fs/2. Since the 
commercial chips operate approximatety at the cbck speed of 100 MHz, the usatie 
frequency is approximatety - 50 MHz to 50 MHz, which is not enough to modiiate the 
signal having the bandwidth higher than 20 MHz into the usable frequency. As il- 
lustrated above, in the convention^ digital IF modulation, the usaUe frequency band is 
restricted by the digital cbck frequency, thus restricting the applicaUe signal 
bandwidth and the IF band. 
Technical Solution 

[5] It is, therefore, an objective of the present invention to provide an apparatus and a 

method for implementing a wideband miiticarrier by using a two-step digitd IF 
moddbtion method. In this respect, the present invention can ensure a wide bandwidth 
and modiiate the wideband mdticarrier signal into a sufficient^ high IF signd. 

[6] Another object of the preset invention is to provide an apparatus and a method for 

implementing a wideband mdticarrier that can be rea&zed in a simple way instead of 
the conventional AC^f, and can furth^ overcome the problem such as the image 
signds caused by the unbdanced JJQ signds. 

[7] In ord^ to achieve the object of the present invention, the invention ensures the 

sufficirat band by using the two-step digitd IF modiiation method. The first 
embodiment of the present invention for achieving the above objective is an apparatus 
for implemrating a wideband mdticarrier comprising the fdbwing features: a digital 
channefizer for (1) pdse-shaping complex digital moddadon signals, (2) digitdty 
mixing the signds and (3) dividing the signds into individud signds having different 
center frequencies; and a digitd IF moddation portion for moddating the divided 
signds into individud IF signds to graerate a wideband mdticarri^ IF signd . 

[8] The second embodiment of the present invention for achieving the above objective 

is a method for iir^lementing a wideband mdticarrier comprising die fdowing steps: 
pdse-shaping complex digitd moddation signds; digitdty mixing the signds; 
dividing the signds into individud signds having different center frequencies; in- 
terpdating the divided signds; quadrature-mixing the signds; and moddating the 
signds into digitd IF signds. 
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Advantageous E£Fects 

[9] Accarding to the present invention, the wideband mdticamer is implemented by 

ne^ empbying a digital channe£zer and a digital IF modiiation portion. Hence, it is 
possible to obtain a more reliable wideband miiticairier and implement a wideband 
miitLcairier in a cost-effective manner. 

[10] The foregoing and other objects and features of the present invention wfll become 

more Aiy s^parent from the fdbwing description, upended clsiims and their ac- 
companying drawings. 

Brief Description of the Drawings 

[11] Understanding that these drawings depict onty typical embodiments of the 

invention and are, therefore, not to be considered fimiting of its scope, the invention 
wil be described with additional specificity and detail through use of the ac- 
companying drawings in which: 

[12] Hg. 1 is a schematic view of an apparatus for implementing a wideband mii- 

ticarrier by using a complex digitd modiiation method according to the present 
invention. 

[13] Rg. 2 is a detailed diagram ilustrating a piise sh^er and a complex mixer in the 

digital channelzer according to the present invention. 
[14] Hg. 3 ikstrates the input power spectrum to the piise shaper shown in Hg. 2. 

[15] Hg. 4 ikstrates the output power spectrum from the pilse shaper shown in Hg. 2. 

[16] Hg. S ikstrates the output power spectrum from the complex mixer shown in Hg. 

2. 

[17] Hg. 6 ikstrates the output power spectrum from the digital channefizer shown in 

Hg. 1. 

[18] Hg. 7 is a detailed diagram ikstrating flie digitd IF modubtion portion shown in 

Hg. 1. 

[19] Hg. 8 ikstrates the standard of up-samplers and interpdation filters in the digital 

IF modiiation portion shown in Hg. 7. 
[20] Hg. 9 ikstrates the output power spectrum from the interpdation filter shown in 

Hg. 7. 

[21] Hg. 10 ikstrates the ou^ut power spectrum from the IF up-converter shown in 

Hg. 7. 

Best Mode for Carrying Out the Invention 

[22] It wil be readily understood that the components and steps of the present invration. 
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as generafy described and ilustrated in the Rgurcs herein and accompanying text, 
codd be arranged and designed in a wide variety of different configurations while stil 
utiEzing the inventive concept. Thus, the fdowing detailed description of the 
preferred embodiments of the method of the present invention, as represented in Bgs. 
1 through 10 and accompanying text, is not intended to imit the scope of the 
invention, as chimed. It is merety representative of the present^ preferred en> 
bodiments of the invention. The presentty preferred embodiments of the invention wil 
be best imderstood by ref ^ence to the drawings, wherein like parts or steps are 
designated by Ike numerds throughout. 
[23] The present invention utiRzes the complex digital modiiation. It can be appfied to 

the transmitting section in the base station of the telecommunication systems such as 
CDMA-2000, CDMA200 IX EV-DO, W-CDMA and GSM. The present invention can 
also implement the milticarrier signal having the bandwidth higher than 20 MHz in a 
single signd path. 

[24] The operations of the above wil be described in further detail as fdows. 

[25] Hg. 1 is a schematic view of an apparatus for implementing a wideband mii- 

ticairier according to the present invention. The apparatus for implementing a 
wideband milticarrier wil be described in detail with ref(mnce to Rg. 1 . The 
apparatus for implementing a wideband miiticarrier comprises a digitd channelzer 
1 10 for (1) pilse-shaping a complex digitd modiiadon signd, (2) digital^ mixing the 
signd and (3) dividing the signal into individual signds having different center 
frequencies; and a digitd IF modiiation portion 200 for moddbting the divided signds 
into individud IF signds to generate a wideband miiticarrier IF signd . 

[26] The apparatus for implemrating a wideband miiticarrier is provided with the 

moddated signds according to telecommunication standard. Digitd channelzer 100 
divides a wideband mdticarrier into narrowband individud signds, generating the 
divided signds with a DC frequency in the center. Then, digitd IF moddbtion portion 
200 moddates the signds into the individud IF signds. The moddated mdticarrier 
signds according to the present invention can be converted into andog signds by 
using a digitd-andog converter (DAC) and processed with the conventiond mediod. 

[27] The apparatus for implementing a wideband mdticarrier according to the present 

invention further comprises cbck generator 300 and phase4ocked bop (PLL) 400. 
Cbck generator 300 provides cbcks to digitd channefizer 100. PLL 400 makes the 
cbck from cbck generator 300 into N individud cbcks and provides them to digitd 
IF moddation portion 200. 
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[28] Digitd channelizer 100 perfonns relative}/ compficated functions such as pdse- 

shaping and complex mixing with a bw speed, thus providing a high resdution NCO. 
Digital IF modiiation portion 200 performs relatively simple functions such as in- 
teipchtion and frequency conversion with a high speed, hence providing a high 
frequency NCO with a rehtively bw resdution. The present invention use this two- 
step digital IF modiiation, thus maMng it possible to have the merit of digital IF 
modiiation and obtain wideband. Therefore, the present invention can modiiate the 
wideband mdticarrier signds into sufficient^ high IF signals. 

[29] Hg. 2 is a detailed diagram showing the inner configuration of digital channelizer 

100 according to the present invention. As ilustrated in Hg. 2, digitd channelizer 100 
comprises: a phir^ty of pdse shaper 1 10 that separates each channel from the 
adjacent channel; aphirdity of complex mixer 120 that performs complex modiiation 
per channel; and adder 130 that adds I signals and Q signals from complex mixer 120. 

[30] Pdse shaper 1 10 according to the present invention performs the function of re- 

stricting the bandwidth of each channel signd. This pdse shaping can be performed 
according to the specification of each telecommunication system. Ibr example, 
CDMA-2000 is res&zed with a bw pass fBter, while W-CDMA is realized with a root 
raised cosine (RRC) filter. 

[31] Specificdty, the complex moddated digital signals are inputted to pdse shaper 

1 10. Ibr example, the signals moddated by phase shift keying (PSK), quadrature 
ampfitude moddation (QAM) or mimmum shift keying ^^SK) can be processed by 
the wideband mdticarrier implementing apparatus according to the present invention. 
The speed of input data is determined according to each standard. Ibr example, the 
speed in case of CDMA-2000 IX/IXEV-DO is 1.2288 Msps, while the speed in case 
of W-CDMA is 3.84 Msps. 

[32] The pdse shying of the preset invention determines the quaEty of transmission 

signd and the adjacent channel interference, thus affecting the system performance. 
Therefore, die present invention uses a high performance pdse shs^er, which requires 
a bt of computation. 

[33] The output signds from pdse shaper 1 10 are inputted to complex mixer 120. Then, 

complex mixer 120 moddates the phase and the magnitude of the inputted signals. 
Complex mixer 120 can be reaEzed with various methods, and the NCO is used in the 
embodiment of Hg. 2. The NCO generates cosine and sine waves, and the cosine and 
sine waves from NCO are mdtipEed by the signals from pdse shaper 1 10. In case the 
complex mixer 120 is reaEzed by using the NCO, cbck generator 300 provides the 
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cbcks to the NCO of complex mixer 120 in digitd channefizer 100. 
[34] When the time period outputted from piise shaper 1 10 is T , I signal outputted from 

complex mixer 120 is I x cos (2jtf nT ) - Q x sin (2jif nT ), and Q signal from 

k 1 k 1 

complex mixer 120 is I x sin (2n:f nT ) - Q x cos (2jtf nT ). The NCO frequency, f , 

k 1 k 1 k 

needs to be set so that the signds from different channels are not overlapped. I and Q 
signds that are digitdy complex-mixed ace added in add^ 13 and transferred to 
digital IF modilation portion 200. 

[35] The signd spectrum as processed in digital channefizer 100 is shown in Hg, 3 to 

Eg. 6. The signal that is inputted to digitd channefizer 100 is Hat over the whde 
frequency band as shown in Hg. 3. However, when pilse shaper 110 processes the 
signd, the power spectrum becomes fimited in a channel as shown in Hg. 4. Tbr 
example, the frequency band of CDMA 2000 IX/IX EV-DO is 1.25 MHz, and the 
frequency band of W-CDMA is 5 MHz. When complex mixer 120 complexnnixes the 
signd fimited in a channel by pdse shaper 110, the power spectrum becomes 
asymmetric from a DC frequency in the center as shown in Hg. 5. 

[36] When the narrowband signals whose number is the same as the number of the 

carri^ waves are added in adder 130, the power spectrum becomes as shown in Hg. 6. 
As shown therein, there appears a plurality of narrowband signds whose cairi^ 
frequencies are different from each other. As ilustrated in Hg. 6, the present invention 
is characterized in that the signals of each channel are modiiated with a DC frequency 
in the center by using complex modilation method. 

[37] Since fhe present invention uses complex mixing, it is possiUe to use minus 

frequency. Therefore, the signals of each channel are positioned with a DC frequency 
in the center, which leads to the effective use of frequencies. Rr example, in order to 
make the milticarrier signal whose overal bandwidth is 20 MHz, it only needs to 
convert each carrier wave from - 10 MHz to 10 MHz. This means that it is sufficient to 
use 10 MHz in absdhite value to make 20 MHz signal. If the cbck frequency of digital 
channefizer is Fs, then the usaUe frequency band is - Fs/2 to Fs/2. Considering the 
charactmstics of the DAC and filtering of anabg portion, it is preferatle to use the 
frequency band that is cbse to the DC frequency in the center. 

[38] Digital IF moddation portion 200 according to the present invention moddates the 

overal signals outputted from digitd channefizer 100 into the IF signds. Hg. 7 il- 
lustrates the inner configuration of digitd IF modilation portion 200. Digitd IF 
moddation portion 200 comprises interpdator 10 that up-samples the signds in order 
to increase a data speed and interpdation-filters the up-sampled signds. This is to 
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remove the image signds due to up-sampling. It also comprises IF up<:onverter 20 that 
modilates the signals ou^utted from interpdator 10 into the IF signals. 

[39] Interpolator 10 comprises: I signal up-sampler 210 that receives the I signd from 

digital channetzer 100 and inserts 0 between the signds in order to increase a data 
speed; I signal interpolation filter 220 that filters image signds from the signds 
inputted from I signal up-sampler 210; Q signd up-sampler 230 that receives the Q 
signal from digital channe£zer 100 and inserts 0 between the signals in order to 
increase a data speed; and Q signal interpolation filter 240 that filters image signals 
from the signals inputted firom Q signd up-sampler 230. Since digital IF modilation 
portion 200 operates in N times cbck of Fs, the usaUe frequency band is - Fs x N/2 to 
Fs X N/2. Therefore it is possiUe to modubte the wideband signals into the suffidentty 
high IF signals. Further, the digital IF modilation portion 200 needs to be operated 
wel at the clock speed of N x Fs. As such, it is necessary to simpfify the computation 
in digital IF modiiation portion 200 in order to ensure high speed processing. 

[40] Hg. 8 ihstrates the standard of up-samplers 210, 230 and interpolation filters 220, 

240 according to the present invention. As shown in Hg. 8, the overd signals aie 
repeated at the input data speed Fs of up-samplers 210, 230. However, inteipdadon 
filters 220, 240 filter the image signals, f -Fs to f -Fs and f +Fs to f +Fs, except the 
origind signal, f ^ to f^. Interpchtion filters 220, 240 shouU have the specification 
represented by the dotted line in Eg. 8. 

[41] The most computation that is performed in the interpdbtion process is related to in- 

teipdhtion filtering. Therefore, it is important to minimize the number of taps of in- 
terpolation filters. Since the sigmls assemble around the DC frequency in the center by 
digital channeizer 100 according to the present invration and there is enough space 
between the origind signd and the image signals, it is possible to filt^ the image 
signals without using many taps. The preset invention can be easih^ re^zed by using 
two-times interpdation several times in mdti-step. In this way, the possible in- 
terpdation factors are restricted in the power of 2 such as 2, 4 and 8. Hg. 9 ihistrates 
the power spectrum of the filtered signd, wherein the image signals were removed. 

[42] IF up-converter 20 modiiates the signals outputted from interpolation filters 220, 

240 into the IF f ^ signal. Hg. 7 ikstrates one example of IF up^^onverters. IF up- 
converter 20 shown in Hg. 7 comprises: a NCO that generates sine and cosine waves; 
miitipEers that miitiply I and Q signals inputted fix)m interpobtor 10 by the sine and 
cosine waves inputted from the NCO; and an adder that adds the signds from the 
miitipEers and generates a wideband milticarrier IF signd that comprises a plurafity 
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of narrowband IF signals whose carrier frequencies are different from each other. 
[43] The cosine and sine waves are generated in the NCO and miitipHed by I and Q 

signds that are outputted from interpoiator 10 in the mdtipEers. Then, the miitiplied 
values are added in the adder. Consequentfy, the output signal from IF upconverter 
becomes the value of I x cos (2pf nT ) - Q x sin (2pf nT ). When the IF up-converter 

IF 2 IF 2 

is reafized by using the NCO according to the present invention, PLL 400 receives the 
cbck Fs from cbck generator 300 and supplies the cbck N x Fs to the NCO that 
contrds the frequency of IF up-converter 20 in digital IF modiiation portion 200. 

[44] Ifigh-speed miltipfiers can be resized with the known techncbgies and NCO can 

be reafized with a bok-up taUe method. Therefore, it is easy to realize high-speed 
digital IF modiiation portion 200. 

[45] Eg. 10 ihistrates the power spectrum that is outputted from digitd IF modiiation 

portion 200. The power spectrum is shifted by f as shown in Eg. 10. 

IF 

[46] In another embodiment of the invention, digital IF modiiation portion 200 can be 

realized with only the NCO without the mdtipliers, wherein the NCO restricts the ex- 
pressiUe frequencies. R>r example, when the signals are converted oniy with the 
frequencies that corresponds to a fourth of the data speed, sin (2pf nT ) wil have only 

IF 2 

the vakies of 0, 1, 0 and - 1. If digital IF moddation portion 200 restricts the IF range, 
some problems may arise when an ansiog portion that fdbws the DAC converts the 
signd into the RF signd. This is because the andog portion needs to generate a bed 
osdbtor (LO) signd that has a good resdution in order to convert the signd into the 
RF signd. R>r example, let's assume tiiat the digitd IF moddation portion in CDMA 
2000 IX/IX EV-DO operates in 314.5728 Msps. which is 256 times of the data speed, 
1.2288 Msps. If the IF signd is converted into a fourth of data speed in order to simply 
redize the NCO, then the IF f wil be 78.6432 MHz. In order to convert this IF signd 

IF 

into the RF signd, the andog portion shoiU make the LO signd that has the 
resdution of 200 Hz or more. It is practicd^ difficdt to have such a high resdution 
while graerating 900 MHz to 2 GHz RF LO frequencies. In order to sdve this 
problem, the NCO in the digitd charmel dividing step needs to compensate the 
resdution that is restricted in the digitd IF moddation step. In the above case, if the 
overdl signd is positioned with - 0.6432 MHz (not DC frequency) in the center in the 
digitd channel dividing step, the signd wil be converted into the IF signd of 78.6432 
MHz and then be positioned at 78 MHz, which can be easity converted into the RF 
signd. Therefore, the NCO of the digitd channefizer needs to have a good resdution 
in order to represent a considerate precise frequencies, which can simplify the 
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computation of the digital IF modiJation step and eas% implement the andbg portion. 

[47] In the present invention that implements the wideband miiticarrier, the complex 

digital modilated signal in an arbitrary method is first pilse-shaped. Subsequent^, the 
piise-shaped signd is divided and distributed into individual channels through the 
complex digitd mixing. Then, the divided signds are converted into the digits IF 
signals through interpchtion and quadrature mixing. 
Industrial Applicability 

[48] In accordance with the present invention, it is possible to simpfy implement the 

wideband miiticarrier signd in one digital signd path. The invention implements a 
wideband miiticarrier by nevity empbying a digital channelizer and a digitd IF 
modubtion portion. TTie former can efficiently generate a plurality of carrier signals 
having different center frequencies and the latter can up-convert the generated carrier 
signals into a desired miiticarrier. Thus, the invention can obtain a more relialie 
wideband miiticarrier and implement a wideband miiticarrier in a cost-effective 
manner. 

[49] Additional modifications and improvements of the present invention may dso be 

apparent to those of ordinary sUl in the art. Thus, the particuhr combination of parts 
described and ihstiated herein is intended to represent only certain embodiments of 
the present invention, and is not intended to serve as Imitations of dtemative devices 
within the scope of the invention. 



